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DISPLAY ELEMENT AND DISPLAY APPARATUS 

0001. This Nonprovisional application claims priority 
under 35 U.S.C. S 119(a) on Patent Applications Nos. 
2004/012206 and 2005/003221 filed in Japan respectively 
on Jan. 20, 2004, and on Jan. 7, 2005, the entire contents of 
which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a display element 
having a high-Speed response property, a wide viewing angle 
property, and a high display quality. 

BACKGROUND OF THE INVENTION 

0003) A liquid crystal display element has advantages 
over other display elements in terms of thickness, weight, 
and power consumption, and is therefore widely used for 
image display apparatuses Such as a television Set or a 
monitor; and image display apparatuses provided in: OA 
(Office Automation) devices Such as a word processor or a 
personal computer, Video cameras, digital cameras, and 
information terminals. Such as a mobile phone. 
0004. There are conventionally well-known liquid crystal 
display modes for the liquid crystal display element, Such as 
the TN (twisted nematic) mode using nematic liquid crystal, 
the display mode using FLC (ferroelectric liquid crystal) or 
AFLC (anti-ferroelectric liquid crystal), and the polymer 
dispersed liquid crystal display mode. 
0005 Among the liquid crystal display modes, for 
example, liquid crystal display elements adopting the TN 
mode have conventionally been put to actual applications. 
However, the liquid crystal display adopting the TN mode 
has drawbacks of slow response and narrow viewing angle. 
These disadvantages have prevented the TN mode liquid 
crystal display from taking over the CRT (Cathode Ray 
Tube). 
0006. The display mode using the FLC or AFLC allows 
for high-Speed response and wide viewing angle, but its poor 
Shock resistance and poor temperature characteristics pose 
serious drawbacks. This is one reason why the FLC or AFLC 
display mode is not pervasive. 
0007. The polymer dispersed liquid crystal display mode 
employing light Scattering does not need a polarizing plate, 
and allows for high-luminance display. However, in the 
polymer dispersed liquid crystal display mode, it is intrin 
Sically impossible to control the viewing angle with the use 
of a phase plate. Further, the polymer dispersed liquid 
crystal display mode has a problem in its response property. 
Therefore, the polymer dispersed liquid crystal display 
mode has only a few advantages over the TN mode. 
0008. In any of these display modes, liquid crystal mol 
ecules are aligned in a certain direction, and visibility 
depends on an angle with respect to the liquid crystal 
molecules. That is, there is a limitation in the Viewing angle. 
Further, all of the display modes employ rotation of liquid 
crystal molecules caused by electric field application. 
Because the liquid crystal molecules rotate all together in an 
aligned State, a response Speed is slow. Although the display 
mode using FLC or AFLC has advantages in its response 
Speed and viewing angle, the mode has a problem of 
irreversible alignment breakdown due to external force. 
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0009 Apart from the display elements employing the 
molecule rotation due to the application of the electric field 
Voltage, an electronic polarization display mode using the 
quadratic electro-optic effect has been proposed. 
0010. The electro-optic effect refers to a phenomenon in 
which a reflective index of a material varies according to an 
external electric field. There are two types of electro-optic 
effects: (i) the Pockels effect in which a reflective index of 
a material is proportional to the electric field, and (ii) the 
Kerr effect in which a reflective index of a material is 
proportional to the Square of the electric field. Especially, the 
Kerr effect, which is the quadratic electro-optic effect, has 
been applied to high-Speed optical shutters Since early days, 
and has been put to practical applications in the field of 
Special measuring instruments. 

0011. The Kerr effect was found by J. Kerr in 1875. 
Well-known materials showing the Kerr effect are organic 
liquids Such as nitrobenzene, carbon disulfide, and the like. 
These materials are used for, for example, optical shutters, 
optical modulating devices, and polarizing devices. They are 
also used for the Strength measurement of a Strong electric 
field, for example, for power cables. 
0012 Later, liquid crystal materials were found to have 
large Kerr constants, which called for the basic Study 
looking into the possibility of using Such liquid crystal 
materials in light modulation devices, polarizing devices, 
and even optical integrated circuit. It has been reported that 
Some liquid crystal compounds have a Kerr constant more 
than 200 times greater than that of nitrobenzene. 
0013 Under these circumstances, application of the Kerr 
effect to a display apparatus has come to be studied. Because 
the Kerr effect is proportional to the Square of the electric 
field, it is expected that the Kerr effect will allow the display 
apparatus to be driven at a relatively lower Voltage than that 
allowed by the Pockels effect. Further, since the Kerr effect 
intrinsically has response characteristics on the order of 
Several microSeconds to Several milliseconds, application of 
the Kerr effect to fast-response display apparatus is 
expected. 

0014 For example, disclosed in patent document 1 (Japa 
nese Laid-Open Patent Publication No. 249363/2001 (Toku 
kai 2001-249363; published on Sep. 14, 2001)) is a display 
apparatus using the Kerr effect, which includes: (i) a pair of 
Substrates, at least one of which is transparent; (ii) a medium 
that is interposed between the Substrates, and that contains 
polar molecules in an isotropic phase State; (iii) a polarizing 
plate provided on an outer Side of at least one of the 
Substrates; and (iv) electric field applying means for apply 
ing an electric field to the medium. 

SUMMARY OF THE INVENTION 

0015. However, the display element using a material 
whose optical anisotropy varies according to an applied 
electric field has the following problems. That is, in the case 
where the display element is addressed with a Switching 
element for use in ordinary liquid crystal display elements, 
reduction of transmittance and uneven luminance occur in 
the display element. Further, in this case, the display element 
cannot quickly respond to a signal Voltage applied through 
the Switching element, thereby causing a delay in image 
display. Note that the term “signal Voltage” means a voltage 



US 2005/0179632 A1 

to be written (charged) in the display element by the 
Switching element So as to drive the display element. 
0016 Driving is carried out with a Switching element 
such as a FET (field effect transistor) provided in the display 
element. Specifically, a Voltage outputted by a Voltage 
waveform generator is applied to the display element to 
charge the display element when the Switching element is 
Switched ON. The stored charge in the display element 
remains even when the Switching element is Switched OFF. 
0.017. The display element starts being charged when the 
Switching element is Switched ON when a Voltage having 
been generated by the Voltage waveform generator is avail 
able for the charging. Ideally the Stored charge in the display 
element remains constant even after the Switching element is 
Switched OFF. 

0.018. However, in a medium whose optical anisotropy 
varies according to an applied electric field, the Stored 
charge in the display element does not stay constant after the 
Switching element is Switched OFF. This is because such a 
medium is apt to be contaminated with impurity ions. AS the 
impurity ion concentration of the medium increases, Specific 
resistance of the medium decreases. Accordingly, the charge 
Stored in a pixel capacitor via the Switching element con 
tinues to decrease even after the Switching element is 
Switched OFF, with the result that the voltage in the pixel is 
reduced. This decreases luminance. Moreover, because the 
Specific resistance is decreased unevenly in the Screen, the 
luminance becomes uneven on the Screen. 

0.019 Further, another problem arises when driving the 
display element that uses a medium whose optical anisot 
ropy varies according to an applied electric field, and that is 
provided with a Switching element for use in ordinary liquid 
crystal display elements. That is, even if a constant Signal 
voltage is written (charged) in the display element, the actual 
transmittance response waveform of the display element 
increases Stepwise. Specifically, the medium assumes highly 
ordered alignment as the Voltage increases, and as a result 
the pixel capacitance is increased. In other words, because 
the pixel capacitance increases during the Voltage applica 
tion, the Voltage calculated at the time of Voltage application 
is insufficient to give a target Voltage value to the pixel. 
0020. Accordingly, the time required for the display 
element to respond to the Signal Voltage becomes longer 
than one frame period. This causes deterioration of display 
quality, Such as afterimage in moving images. 

0021. An object of the present invention is to provide a 
display apparatus that can display a high-quality image with 
quick response even when the display apparatus is driven 
with a Switching element provided for each pixel. 
0022. A display element of the present invention 
includes: a pair of Substrates, at least one of which is 
transparent; a medium, between the Substrates, the medium 
being changeable in an optical anisotropy magnitude by and 
according to electric field application; and a region in which 
a pixel electrode and a counter electrode overlap with each 
other with an insulating layer therebetween. 
0023. Because the conventional liquid crystal display 
element performs its display operation by utilizing a change 
in magnitude of an orientational directions of liquid crystal 
molecules, the response Speed of the conventional liquid 
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crystal display element is greatly influenced by intrinsic 
Viscosity of liquid crystal. On the contrary, the aforemen 
tioned arrangement utilizes the change in the magnitude of 
the optical anisotropy in the medium So as to carry out a 
display. For this reason, the response Speed is not greatly 
influenced by the intrinsic Viscosity of the liquid crystal 
unlike the conventional display element. Therefore, the 
display element intrinsically has a high-Speed response 
property. 

0024 However, the display element of the above arrange 
ment has capacitance that monotonously increases as a 
Voltage increases. In this case, a Voltage in the display 
element does not immediately (for example, within one 
frame) reach a desired voltage, which should reach in 
response to the Voltage application. This causes a problem 
Such as an afterimage in a moving image. Therefore, by 
providing a region in which the pixel electrode and the 
counter electrode overlap with each other with the insulating 
layer therebetween, an auxiliary capacitor is formed parallel 
to the capacitor of the display element. This can reduce 
degree of a change in entire capacitance of the display 
element. This arrangement causes the auxiliary capacitor to 
be formed parallel to the capacitor of the display element in 
the equivalent circuit. As a result, the degree of the change 
in the entire capacitance of the display element becomes 
relatively smaller. This prevents the problem such as the 
afterimage in the moving image. 

0025. With the arrangement, a display apparatus includ 
ing the display element never loses the high-Speed response 
property faster than the response property of the conven 
tional liquid crystal display elements. This allows more 
Secure realization of the high-Speed response of the display 
element that carries out a display by using the change of the 
medium in terms of magnitude of optical anisotropy. 

0026. Moreover, in the medium of the display element of 
the arrangement, impurity ion concentration is apt to 
increase. This decreases Specific resistance of the medium. 
Low Specific resistance of the medium decreases luminance 
of the display element. Moreover, because the Specific 
resistance decreases unevenly on a Screen, the luminance 
accordingly becomes uneven on the Screen. However, in the 
case where the auxiliary capacitor is formed as in the 
arrangement, it is possible to Supply, from the auxiliary 
capacitor to the medium, an electric charge that corresponds 
to an electric charge in short (that is, the auxiliary capacitor 
can Supply, to the medium of a part of the Screen with which 
the auxiliary capacitor is associated, electric charge neces 
Sary for making up for short of electric charge in the 
medium). This apparently prevents the decrease in the 
Specific resistance of the medium, and allows an appropriate 
Voltage to be applied to the medium. On this account, it is 
possible to prevent the decrease in luminance and the 
unevenneSS in luminance. 

0027. The present invention ensures (i) realization of the 
intrinsic high-speed response property of the display ele 
ment employing the medium, the magnitude of whose 
optical anisotropy varies according to Voltage application, 
and (ii) prevention of the decrease in the transmittance, and 
of the unevenneSS in luminance. This Surely improves dis 
play response Speed of a display apparatus including the 
display element, for example, display apparatus provided in 
televisions, word processors, personal computers, Video 
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cameras, digital cameras, or information terminals. Such as 
mobile phones. On this account, in the display apparatus, it 
is possible to prevent the decrease in the transmittance and 
the unevenneSS in luminance. Further, because the display 
element of the present invention has the high-Speed response 
property as described above, the display element is Suitable 
for performing a large Screen display operation and a mov 
ing image display operation. 

0028. Additional objects, features, and strengths of the 
present invention will be made clear by the description 
below. Further, the advantages of the present invention will 
be evident from the following explanation in reference to the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a diagram for explaining arrangements of 
electrodes in a display element of the present invention. 

0030 FIG. 2(a) is a cross sectional view of a display 
element of the present invention when no voltage is applied. 

0031 FIG. 2(b) is a cross sectional view of the display 
element of the present invention when a Voltage is applied. 

0.032 FIG. 3 is an explanatory diagram illustrating 
respective arrangements of comb-shaped electrodes and 
polarizers. 

0033 FIG. 4(a) is a cross sectional view of a conven 
tional liquid crystal display element when no voltage is 
applied. FIG. 4(b) is a cross sectional view of the conven 
tional liquid crystal display element when a Voltage is 
applied. FIG. 4(c) is a graph illustrating a voltage-transmit 
tance Curve. 

0034 FIG. 5(a) is a cross sectional view of a conven 
tional liquid crystal display element when no voltage is 
applied. FIG. 5(b) is a cross sectional view of the conven 
tional liquid crystal display element when a Voltage is 
applied. 

0.035 FIG. 6 is an explanatory view illustrating differ 
ence between a display principle of the present display 
element and that of the conventional display element. 

0.036 FIG. 7 is a block diagram illustrating structures of 
a display apparatus using the display element according to 
one embodiment of the present invention. 
0037 FIG. 8 is a circuit diagram illustrating an equiva 
lent circuit in the display element in the present invention. 

0.038 FIG. 9 is a cross sectional diagram taken along line 
A-A of the display element illustrated in FIG. 1. 

0.039 FIG. 10 is a circuit diagram illustrating an equiva 
lent circuit in a conventional display element. 
0040 FIG. 11 is a diagram for explaining arrangements 
of electrodes of a display element of a comparative example. 

0041 FIG. 12 is a diagram for explaining arrangements 
of electrodes of a display element of another embodiment of 
the present invention. 

0.042 FIG. 13 is a cross sectional diagram taken along 
line B-B' of the display element shown in FIG. 11. 
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0043 FIG. 14 is a diagram for explaining arrangements 
of electrodes of a display element of still another embodi 
ment of the present invention. 
0044 FIG. 15 is a cross sectional diagram taken along 
line C-C of the display element shown in FIG. 14. 
004.5 FIG. 16 is a schematic view illustrating a structure 
of a liquid crystal micro emulsion. 
0046 FIG. 17 is a schematic view illustrating a structure 
of a liquid crystal micro emulsion. 
0047 FIG. 18 is classification diagram of a lyotropic 
liquid crystal phase. 
0048 FIG. 19 is a diagram illustrating an example of 
arrangement of electrodes applicable to the display element 
of the present invention. 
0049 FIG. 20 is a diagram illustrating an example of 
arrangement of electrodes applicable to the display element 
of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

0050 First Embodiment 
0051. The following description explains an embodiment 
of the present invention with reference to the figures. 
0.052 FIGS. 2(a) and 2(b) are cross-sectional views each 
of which Schematically illustrates an arrangement of a 
display element (present display element) of the present 
embodiment. 

0053. The present display element is structured such that 
a dielectric material layer 3 (optical modulation layer) is 
sandwiched between two substrates (substrates 1 and 2) 
which are provided face to face. Moreover, comb-shaped 
electrodes (first and second electrodes) 4 and 5 are provided 
face to face on the Substrate 1 So as to be positioned in a 
Surface which faces the Substrate 2. The comb-shaped elec 
trodes are provided as electric field application means in 
order to apply an electric field to the dielectric material layer 
3. Furthermore, polarizers 6 and 7 are respectively provided 
on rear Surfaces with respect to the opposing Surfaces of the 
Substrates 1 and 2. 

0054) Note that, FIG. 2(a) illustrates a state in which no 
voltage (electric field) is applied between the comb-shaped 
electrodes 4 and 5 (no voltage (electric field) application 
state (OFF state)). FIG. 2(b) illustrates a state in which a 
voltage (electric field) is applied between the comb-shaped 
electrodes 4 and 5 (voltage (electric field) application State 
(ON state)). 
0055. The Substrates 1 and 2 are glass substrates. Note 
that, materials of the Substrates 1 and 2 are not limited to this 
as long as at least one of the Substrates 1 and 2 is transparent. 
Note that, an interval between the substrates in the present 
display element, that is, a thickness of the dielectric material 
layer 3 is 10 lum. However, the interval between the Sub 
strates is not limited to this, but may be determined arbi 
trarily. 
0056 FIG. 3 is an explanatory view illustrating positions 
of the comb-shaped electrodes 4 and 5 and directions of 
absorption axes of the polarizers 6 and 7. As illustrated in 
FIG. 3, the comb-shaped electrodes, which are formed like 
comb-teeth, are provided face to face. Note that, each of the 
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comb-shaped electrodes 4 and 5 has a line width of 5 um, 
and a distance between the electrodes (electrode interval) is 
5 um. However, the present invention is not limited to this. 
For example, it is possible to Set these values arbitrarily 
according to a gap between the Substrate 1 and the Substrate 
2. Moreover, as materials of the comb-shaped electrodes 4 
and 5, it is possible to use various materials which are 
conventionally well-known, Such as transparent electrode 
materials (ITO (indium tin oxide), etc), metal electrode 
materials (aluminum, etc), or the like. 
0057 Moreover, as illustrated in FIG. 3, the polarizers 6 
and 7 respectively provided on the substrates 1 and 2 are 
arranged Such that respective absorption axes are orthogonal 
with each other, and absorption axes of the polarizers are at 
an angle of about 45 with respect to directions to which 
comb-teeth portions of the comb-shaped electrodes 4 and 5 
extend. On this account, the absorption axis of each of the 
polarizers is at an angle of about 45 with respect to an 
electric field application direction. 

0058. The dielectric material layer 3 is made of BABH8 
described in Non-patent Documents 5 and 6. BABH8 is 
represented by the following structural formula (1). Note 
that the composite Shows a nematic phase at a temperature 
less than 33.3 C., and shows an isotropic phase at a 
temperature of 33.3° C. or greater. 

0059. The liquid crystal display element 20 is kept at a 
temperature which is just above the nematic phase/isotropic 
phase transition temperature (a little higher than the phase 
transition temperature; for example +0.1K) by an outer 
heating device. When an electric field is applied to the liquid 
crystal display element 20, the transmissivity can be 
changed. 

Chemical Formula 1 

0060) Note that, if necessary, alignment films subjected to 
a rubbing treatment may be respectively formed on the 
opposing Surfaces of the Substrates 1 and 2. In this case, the 
alignment film formed on the substrate 1 may be formed so 
as to cover the comb-shaped electrodes 4 and 5. 
0061 The following description explains a display prin 
ciple of the present display element with reference to FIG. 
4(a) and FIG. 4(b). FIG. 4(a) and FIG. 4(b) are explanatory 
diagrams, each of which Schematically illustrates a liquid 
crystal display element 20 having the aforementioned Struc 
ture, as one example of the liquid crystal display element of 
the present invention. 

0062) Note that, FIG. 4(a) is an explanatory view illus 
trating an alignment State of the liquid crystal molecules in 
the liquid crystal display element 20 at a temperature which 
is just above the nematic phase/isotropic phase transition 
temperature under Such condition that no electric field is 
applied to the liquid crystal display element 20. FIG. 4(b) is 
an explanatory view illustrating an alignment State of the 
liquid crystal molecules in the liquid crystal display element 
20 at a temperature which is just above the nematic phase/ 
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isotropic phase transition temperature under Such condition 
that an electric field is applied to the liquid crystal display 
element 20. 

0063 As shown in FIG. 4(a), under no applied voltage, 
a dielectric material layer 3a made from the foregoing 
compound is in an isotropic phase, and is therefore optically 
isotropic. Therefore, the liquid crystal display element 20 
performs black display in this State. In contrast, as shown in 
FIG. 4(b), when a voltage is applied, the molecules of the 
compound in an applied electric field are aligned in Such a 
manner that their long axes are along the direction of electric 
field. This causes double refraction, enabling the transmit 
tance of the liquid crystal display element to be modulated. 
0064 FIG. 4(c) is a voltage-transmittance curve as a 
function of an applied Voltage to the liquid crystal display 
element 20 maintained at a temperature in the vicinity of the 
nematic phase/isotropic phase transition temperature. AS 
shown in FIG. 4(c), the transmittance of the liquid crystal 
display element 20 varies according to an applied Voltage. 
0065 Here, according to non-patent document 4 (“Hand 
book of Liquid Crystals”, Vol. 1, pp. 484-485, Wiley-VCH, 
1998), double refraction caused by electric field application 
can be represented by the following formula: 
0066 An= BE, where indicates the wavelength of 
light, B indicates the Kerr constant, and E indicates the 
Strength of applied electric field. 
0067 Further, the Kerr constant B has the following 
relation: 

Bo (T-Tni) 
0068 Therefore, while it is possible to drive the liquid 
crystal display element 20 by application of a weak electric 
field when the liquid crystal display element 20 is at a 
temperature in the vicinity of the phase transition point 
(Tni), the electric field strength required for the driving 
dramatically increases as the temperature (T) rises. For this 
reason, although a Voltage of approximately 100 V is Suf 
ficient for the modulation of transmittance while at a tem 
perature slightly higher than the phase transition point, a 
greater Voltage is required for the modulation of transmit 
tance at temperatures Sufficiently away from the phase 
transition temperature (i.e., temperatures far exceeding the 
phase transition temperature). 
0069. Note that the foregoing explained the liquid crystal 
display element 20 to which a voltage is applied parallel 
with the Surfaces of the Substrates. However, Such precise 
temperature control is also required for other types of liquid 
crystal display elements, for example, as in a liquid crystal 
display element 30 (see FIG. 5(a) and FIG. 5(b)) to which 
a Voltage is applied in a direction normal to the Surfaces of 
the Substrates. 

0070 Instead of the comb-shaped electrodes 4 and 5 of 
the liquid crystal display element 20, the liquid crystal 
display element 30 includes transparent electrodes 4a and 
5a, which are respectively provided on the opposing Sur 
faces of the substrates 1 and 2. Namely, the liquid crystal 
display element 30 is one example of a liquid crystal display 
element using the electro-optic effect, like the liquid crystal 
display element 20. 
0071. As shown in FIG. 5(a), the liquid crystal display 
element 30 is kept at a temperature which is just above the 
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phase transition temperature of the medium injected and 
sealed in the dielectric material layer 3a. When no electric 
field is applied, the dielectric material layer 3a is in the 
isotropic phase as illustrated in FIG. 5(a). When an electric 
field is applied, the long-axis directions of the liquid crystal 
molecules are aligned in a direction perpendicular to an 
electric field as illustrated in FIG. 5(b). 
0.072 Like the liquid crystal display element 20, the 
liquid crystal display element 30 thus arranged also requires 
a greater Voltage for the modulation of transmittance at 
temperatures far exceeding the phase transition temperature. 
This prevents realization of high-Speed response, and causes 
reduced transmittance and uneven luminance. 

0.073 However, as in the liquid crystal display element 
20 of the lateral electric field mode, display quality can be 
effectively improved by providing an auxiliary capacitor. 

0.074 The following further explains differences in dis 
play principle between the present display element and 
conventional liquid crystal display elements. 
0075 FIG. 6 is an explanatory diagram illustrating the 
differences of the display principle between the present 
display element and the conventional display elements, and 
FIG. 4 schematically illustrates the shape of the refractive 
index ellipsoid and the direction of the refractive index 
ellipsoid in case where an electric field is applied and in case 
where no electric field is applied. Note that, FIG. 6 shows 
the display principles of the conventional liquid crystal 
display elements Such as a TN mode liquid crystal display 
element, a VA (Vertical Alignment) mode liquid crystal 
display element, and an IPS (In Plane Switching) mode 
liquid crystal display element. 

0076. As illustrated in FIG. 6, the TN mode liquid crystal 
display element is structured Such that a liquid crystal layer 
is sandwiched between two substrates which are provided 
face to face, and transparent electrodes (electrodes) are 
respectively provided on the substrates. When no electric 
field is applied, liquid crystal molecules of the liquid crystal 
layer are aligned Such that the liquid crystal molecules are 
helically twisted in a long-axis direction. When an electric 
field is applied, the liquid crystal molecules are aligned Such 
that the long-axis direction of each of the liquid crystal 
molecules is along an electric field direction. AS illustrated 
in FIG. 6, an average refractive index ellipsoid in this case 
is Such that its long-axis direction is parallel to the Substrate 
Surface when no electric field is applied, and its long-axis 
direction turns to the normal direction of the Substrate 
Surface when an electric field is applied. That is, the shape 
of the refractive indeX ellipsoid is ellipse when no electric 
field is applied and when an electric field is applied. How 
ever, when an electric field is applied, the long-axis direction 
of the refractive index ellipsoid changes (a direction of the 
refractive index ellipsoid). That is, the refractive index 
ellipsoid rotates. Note that, the shape of the refractive index 
ellipsoid when no electric field is applied is Substantially the 
Same as the shape of the refractive indeX ellipsoid when an 
electric field is applied. 
0.077 Like the TN mode liquid crystal display element, 
the VA mode liquid crystal display element is Structured 
Such that a liquid crystal layer is Sandwiched between two 
Substrates which are provided face to face, and transparent 
electrodes (electrodes) are respectively provided on the 
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substrates. However, in the VA mode liquid crystal display 
element, when no electric field is applied, liquid crystal 
molecules of the liquid crystal layer are aligned Such that the 
long-axis direction of each of the liquid crystal molecules 
turns Substantially perpendicular to the Substrate Surface. 
When an electric field is applied, the liquid crystal molecules 
are aligned Such that the long-axis direction of each of the 
liquid crystal molecules turns perpendicular to an electric 
field. As illustrated in FIG. 6, an average refractive index 
ellipsoid in this case is aligned Such that the long-axis 
direction turns to the normal direction of the Substrate 
Surface when no electric field is applied, and the long-axis 
direction is parallel to the Substrate Surface when an electric 
field is applied. That is, the shape of the refractive index 
ellipsoid is ellipse when no electric field is applied and when 
an electric field is applied. However, the long-axis direction 
of the refractive index ellipsoid changes (the refractive index 
ellipsoid rotates). Note that, the shape of the refractive index 
ellipsoid when no electric field is applied is Substantially the 
Same as the shape of the refractive indeX ellipsoid when an 
electric field is applied. 
0078 Next, the IPS mode liquid crystal display element 
is Structured Such that a pair of electrodes are provided face 
to face on a Substrate, and a liquid crystal layer is formed in 
a region between the electrodes. When an electric field is 
applied, alignment directions of liquid crystal molecules of 
the liquid crystal layer are changed, So that it is possible to 
realize different display States depending on whether or not 
an electric field is applied. Thus, also in the IPS mode liquid 
crystal display element, as illustrated in FIG. 6, the shape of 
the refractive index ellipsoid is ellipse when no electric field 
is applied and when an electric field is applied. However, the 
long-axis direction of the refractive indeX ellipsoid changes 
(the refractive index ellipsoid rotates). Note that, the shape 
of the refractive index ellipsoid when no electric field is 
applied is Substantially the same as the shape of the refrac 
tive indeX ellipsoid when an electric field is applied. 
0079 Thus, according to the conventional liquid crystal 
display elements, the liquid crystal molecules are aligned in 
a certain direction when no electric field is applied. When an 
electric field is applied, alignment directions of the liquid 
crystal display molecules are changed So as to carry out the 
display (modulation of transmissivity). That is, the direction 
of the refractive index ellipsoid is rotated (changed) by 
applying an electric field, So that the display is carried out. 
That is, according to the conventional liquid crystal display 
elements, an orientational order parameter is constant, and 
the display is carried out by changing the alignment direc 
tions. 

0080 Meanwhile, as illustrated in FIG. 6, according to 
the present display element, the refractive indeX ellipsoid 
when no electric field is applied is globular. That is, the 
refractive index ellipsoid is optically isotropic (an orienta 
tional order parameter is 0) when no voltage is applied. 
When a Voltage is applied, the refractive indeX ellipsoid 
becomes optically anisotropic (an orientational order param 
eter >0). That is, according to the present display element, 
the shape of the refractive indeX ellipsoid is isotropic 
(nx=ny=nz) when no electric field is applied, and the shape 
of the refractive index ellipsoid is anisotropic (nx>ny) when 
an electric field is applied. Note that, nX is a refractive index 
with respect to a direction parallel to the Substrate Surface 
and parallel to a counter direction of the electrodes, and ny 
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is a refractive indeX with respect to a direction parallel to the 
Substrate Surface and perpendicular to a counter direction of 
the electrodes, and nz is a refractive indeX with respect to a 
direction perpendicular to the Substrate Surface. 
0081. Thus, according to the present display element, the 
alignment directions of the molecules are fixed (voltage 
application direction does not vary), and the display is 
carried out by modulating the orientational order parameter 
which influences visible light. That is, in the present display 
element, the optical anisotropy (or, the orientational order 
which influences visible light) of the medium itself changes. 
Therefore, the present display element is totally different 
from the conventional display elements in terms of the 
display principle. 

0082 In other words, in the present display element, the 
magnitude of the optical anisotropy of the medium varies 
according to that shape change of the refractive indeX 
ellipsoid which is caused by Voltage application. Therefore, 
a longitudinal axis of the refractive indeX ellipsoid of the 
present display element is parallel or perpendicular to the 
electric field direction. 

0.083 Meanwhile, because in each of the conventional 
liquid crystal elements, the long-axis of the refractive indeX 
ellipsoid is rotated So as to carry out a display, a longitudinal 
axis of the refractive index ellipsoid is not limited to the 
parallel or perpendicular direction with respect to the elec 
tric field direction. 

0084. The following explains structure of a display appa 
ratus using the aforementioned display element. AS shown in 
FIG. 7, a display apparatus 21 of the present embodiment 
includes: (i) a display panel 22 in which pixels each having 
the display element are provided in a matrix manner; (ii) a 
Source driver 23 for driving data signal lines SL1 through 
SLn of the display panel 22, (iii) a gate driver 24 for driving 
Scan signal lines GL1 through GLm; (iv) a controller 25; and 
(v) a power circuit 26 for Supplying, to the Source driver 23 
and the gate driver 24, Voltages for displaying an image on 
the display panel 22. 

0085. The display apparatus 21 further includes a frame 
memory 27 and a Video signal correcting Section 28. The 
frame memory 27 Stores an input video signal from an 
external apparatus frame by frame. The Video signal cor 
recting Section 28 corrects a current frame Video signal 
(current frame video signal; current video signal), which is 
Supplied from an external device, based on this video signal 
and a Video signal of the immediately preceding frame 
(previous frame video signal; previous video signal), and 
outputs the corrected video signal to the controller 25. Note 
that the “frame' is the unit of transmission of the video 
Signal Sent from an external device. Note also that how the 
Video signal correcting Section 28 carries out the correction 
process will be described later. 
0086) The controller 25 outputs, to the source driver 23, 

(i) digitalized display data Signals (for example, Video 
Signals of red (R), green (G), and blue (B)) and (ii) a Source 
driver control Signal for controlling an operation of the 
Source driver 23. Further, the controller 25 sends, to the gate 
driver 24, a gate driver control signal for controlling an 
operation of the gate driver 24. Examples of the Source 
driver control signal include a horizontal Synchronization 
Signal, a start pulse signal, and a clock signal for the Source 
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driver. Examples of the gate driver control signal include a 
Vertical Synchronization Signal and a clock signal for the 
gate driver. Further, according to the corrected Video signal 
Supplied from the Video signal correcting Section 28, the 
controller 25 determines a display data Signal to be sent to 
the Source driver 23. 

0087. The display panel 22 includes: a plurality of the 
data Signal lines SL1 through SLn; and a plurality of the Scan 
signal lines GL1 through GLm which intersect with the data 
Signal lines SL1 through SLn. At each interSection of the 
data Signal lines and the Scan Signal lines, a pixel 29 is 
provided. The pixel 29 includes a display element 31 of a 
Structure to be described later, and a Switching element 32, 
as shown in FIG. 8. 

0088. The switching element 32 is realized by a TFT (thin 
film transistor) and is so arranged that its gate is connected 
to a Scan Signal line GL, and that its drain is connected to 
a data Signal line Sli. The Source of the Switching element 32 
is connected to a capacitor 31 and an auxiliary capacitor 33, 
which are connected to each other in parallel in the display 
element. The other ends of the capacitor 31 and the auxiliary 
capacitor 33 of the display element are connected to a 
common electrode line common to all pixels. 
0089. In the pixel 29, when the scan signal line GL is 
selected, the Switching element 32 is switched ON, and a 
Signal Voltage determined according to the display data 
Signal Sent from the controller 5 is applied by the Source 
driver 23 to the capacitor 31 and the auxiliary capacitor 33 
of the display element via the data line SLi. After the select 
period of the Scan Signal line GL, the display element 31 
should ideally maintain the Voltage while the Switching 
element 32 is Switched OFF. 

0090 The transmittance or reflectance of the display 
element 31 varies according to a signal Voltage applied by 
the Switching element 32. Therefore, a display State of each 
pixel 29 can be varied according to Video data by Selecting 
the Scan Signal line GL and applying a signal Voltage, 
corresponding to a display data Signal for the pixel 29, from 
the source driver 23 to the data signal line SLi. 
0091 Next, the following explains a structure forming 
the auxiliary capacitor 33. In the present embodiment, the 
auxiliary capacitor 33 is formed by wiring lines and pro 
viding electrodes. FIG. 1 illustrates lines and electrodes in 
a pixel 29i that is formed by a combination of a data signal 
line SLi and a Scan Signal line GLi. The electrodes shown in 
FIG. 1 are another implementation of the comb-shaped 
electrodes 4 and 5 shown in FIG. 3. 

0092. In FIG. 1, a comb-like signal electrode (first elec 
trode; one of the comb-shaped electrodes) 14 is so provided 
on the Substrate 1 as to be connected to the Source of the 
Switching element 32. Note that the signal electrode 14 can 
be regarded as a portion of the pixel electrode. The Signal 
electrode 14 includes: (i) a portion (first electrode) 14a that 
extends from the Switching element 32 substantially parallel 
with the Scan signal line GLm; (ii) two branch portions (first 
electrode) 14b branching off substantially parallel with the 
data Signal line SLn; and (iii) an auxiliary capacitor portion 
(auxiliary electrode; Second electrode) 14C that connects the 
branch portions 14b Substantially perpendicular to the 
branch portions 14b. A counter electrode line (second elec 
trode; the other comb-shaped electrode) 16 is provided 
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between a Scan Signal line GL and a Scan signal line GLk 
of the next row, parallel to these lines. The counter electrode 
line 16 is connected to a counter electrode (Second elec 
trode) 15that is so provided as to interact with the comb-like 
signal electrode 14. In other words, the counter electrode 15 
is disposed between the branch portions 14b of the signal 
electrode 14, and extends Substantially perpendicular from 
the counter electrode line 16. With this arrangement, it is 
possible to form an electric field between the branch por 
tions 14b and the counter electrode 15. This allows the 
branch portions 14b and the counter electrode 15 to serve as 
the comb-shaped electrodes shown in FIG. 3. 
0093. Note that the counter electrode line 16 (or counter 
electrode 15) and the Scan signal lines GL do not conduct to 
the overlying Source signal lines SL (or the signal electrode 
14) because they are separated from each other by an 
insulating film 17. The insulating film 17 is layered on a first 
layer including the counter electrode 15, the counter elec 
trode line 16, and the Scan Signal lineS GL. On the insulating 
film 17, a Second layer including the Signal electrode 14 and 
the Scan Signal lines SL is layered. It is preferable that the 
insulating film 17 and a gate insulating layer of the TFTs 
constitute the same layer. 
0094. Here, the auxiliary capacitor portion 14c of the 
Signal electrode 14 is So provided as to be overlaid on the 
counter electrode line 16. Thus, in a portion of the display 
element where the auxiliary capacitor portion 14c is formed 
(cross Section taken along the line A-A), the signal electrode 
14 partially overlaps with the counter electrode 15 as shown 
in FIG. 9. With this arrangement, an auxiliary capacitor is 
formed that is parallel to the capacitor of the display 
element, as shown in FIG.8. With the auxiliary capacitor 
33, the display element including the medium whose optical 
anisotropy varies according to an applied electric field can 
prevent uneven luminance, reduced transmittance, and after 
image in moving images. 
0.095 The reasons for this are described below in detail. 
In the case of using a display element having no auxiliary 
capacitor, as represented by an equivalent circuit shown in 
FIG. 10 (i.e., having no auxiliary capacitor portion 14c 
shown in FIG. 11), a display using Such display elements 
formed in a matrix Suffers from reduced transmittance, 
Severe uneven luminance, and afterimage in moving images. 
0096. The reduced transmittance and uneven luminance 
arise from the property of the medium whose anisotropy 
varies according to an applied Voltage. Specifically, because 
Such a medium has large polarization, the medium is apt to 
draw impurity ions. Moreover, the display element adopting 
the display principle described So far requires a greater 
Voltage than the conventional display elements. The 
increased Voltage works against the quality of the medium, 
and it too causes increase in the impurity ion concentration 
of the medium. AS the impurity ion concentration of the 
medium increases, the Specific resistance of the medium 
decreases. Accordingly, the charge Stored in the pixel capaci 
tor via the Switching element Starts to reduce when the 
Switching element 32 is switched OFF, with the result that 
the Voltage in the pixel is reduced. This reduces luminance. 
Moreover, because the Specific resistance is decreased 
unevenly in the display, the luminance becomes uneven in 
the display. 
0097. Further, the afterimage in moving images also 
arises from the property of the medium of the present display 
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element. Specifically, in the present display element, as the 
Voltage increase, the molecules of the medium align more 
orderly. This increases the capacitance. In other words, as 
the Voltage increases, the capacitance of the display element 
of the present embodiment monotonously increases. This is 
problematic because the applied Voltage cannot immediately 
reach the target Voltage. In other words, the applied Voltage 
is insufficient. 

0098. For example, the display element is caused to 
respond from (i) a State of a voltage of 0.0 V and capaci 
tance of 0.325 nF, to (ii) a state of: a voltage of 40.0 V and 
capacitance of 0.590 nF. Note that, hereinafter, 0.0 V is 
indicated by V0, 0.325 nF is indicated by C0, 40.0 V is 
indicated by V1, and 0.590 nF is indicated by C1. 
0099] That is, at V0, when V1 is a target voltage of the 
Signal Voltage applied to the display element, the charge Q01 
Stored in the display element in response to V1 is: 

0100 However, the amount of charge Q1 which should 
be stored in the display element at V1 and C1 is: 

0101 Here, because CO<C1, Q01<O1. It is clear from 
this that the amount of stored charge will be insufficient. 
Specifically, because the capacitance of the display element 
increases while the Voltage is applied to the display element, 
the Voltage of the display element does not reach the target 
Voltage. 
0102) This problem can be solved by keeping the capaci 
tance unchanged as much as possible when the Voltage 
increases. In other words, the problem is Solved by Setting 
Con/Coff close to 1, where Coff indicates the capacitance of 
the display element when the display element is OFF 
(black), and Con indicates the capacitance thereof when the 
display element is ON (white). 
0103) The display element including the auxiliary capaci 
tor 33 can reduce the rate of change of the capacitance of the 
display element. That is, the auxiliary capacitor 33 is formed 
between the electrodes, and no medium but only the insu 
lating layer is provided therebetween. On this account, even 
when a voltage is applied, capacitance (auxiliary capaci 
tance) Cs of the auxiliary capacitor does not vary. Moreover, 
because the auxiliary capacitor 33 having an unvarying 
capacitance is formed parallel with the pixel capacitor in the 
equivalent circuit, the rate of change of the capacitance of 
the whole display element becomes relatively low. Specifi 
cally, when the auxiliary capacitance is CS, the rate of 
change of the capacitance of the whole display element is 
given by 

(Con+Cs)/(Coff-Cs)), 
0104 ensuring that 

0105 (Con+Cs)/(Coff-Cs)<Con/Coff 
0106. In an extreme case, by taking the auxiliary capaci 
tance Cs as infinity, the left-hand Side of the inequality 
becomes 1. In other words, the capacitance of the whole 
display element does not change. 
0107 Note that the auxiliary capacitor is not limited to 
the arrangement of the electrodes shown in FIG. 1. For 
example, in the case of constructing a display in which 
pixels are provided in a matrix manner, the arrangement 
shown in FIG. 12 may be effectively used. Specifically, a 
Second auxiliary capacitor may be formed by extending 
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auxiliary capacitor portions 15' of the counter electrode 15 
from the counter electrode line 16. The auxiliary capacitor 
portions 15' extend below the branch portions 14b (portions 
parallel to the data signal lines) of the signal electrode, as 
indicated by dotted lines in FIG. 12. With this arrangement, 
the Signal electrode 14 is overlaid on the auxiliary capacitor 
portions 15" with the insulating film 17 therebetween, as 
shown in FIG. 13. FIG. 13 is a cross sectional view taken 
along the line B-B' in FIG. 12. 
0108 Further, by providing another line for the auxiliary 
capacitor electrode, another auxiliary capacitor electrode 
may be provided independently from the electrode for 
applying an electric field to the medium. 

0109 AS described above, it is preferable that the elec 
trode for the auxiliary capacitor be So provided as to overlie 
the already-provided electrode for applying an electric field 
to the medium. This allows a formation of a larger auxiliary 
capacitor while preventing a decrease in open area ratio of 
the display element. Note that the term “open area ratio” 
refers to a value determined by: A/B, where A indicates that 
area of the display element which allows light to pass 
through, and B indicates a total area of the display element. 
AS the open area ratio decreases, the display Screen becomes 
darker. Generally, an auxiliary capacitor are formed, inde 
pendently from electrodes for applying a Voltage to a 
medium, by providing: (i) a layer (light-shielding material) 
for forming a counter electrode and Scan signal lines; (ii) a 
layer for forming a gate insulating film; and (iii) a layer 
(light-shielding material) for forming data signal lines. 
Therefore, the formation of the new electrode increases the 
area allowing no light to pass through, and decreases the 
open area ratio. On the contrary, in the present embodiment, 
the electrode for the auxiliary capacitor is So provided as to 
overlie the electrode for applying a Voltage to the medium, 
and is provided in one piece with the other electrode for 
applying a Voltage to the medium. This reduces the area 
allowing no light to pass through, and prevents the decrease 
in the open area ratio. Further, the area allowing no light to 
pass through is minimized and the open area ratio is maxi 
mized by forming the auxiliary capacitor within a region that 
corresponds to the electrodes for applying an electric field to 
the medium. 

0110. In the case of forming the auxiliary capacitor by 
overlying (i) the electrode for forming the auxiliary capaci 
tor on (ii) the electrode for applying an electric field to the 
medium, the Signal electrode is So provided as to cover the 
counter electrode as shown in the croSS Sectional view of 
FIG. 13. By thus shielding the counter electrode with the 
Signal electrode. it possible to prevent the auxiliary capacitor 
portion of the counter electrode from causing an adverse 
effect on the display. 
0111. In Some display element, the auxiliary capacitor 
can be formed merely by providing an auxiliary capacitor 
electrode line, instead of providing the electrodes. In Such a 
display element as the liquid crystal display element 30 (see 
FIG. 5) in which a voltage is applied in the normal direction 
to the Surfaces of the Substrates, a counter electrode 45 and 
a pixel electrode (first electrode) 44 are provided on different 
surfaces with a dielectric material layer 43 therebetween as 
shown in FIG. 15. Therefore, the pixel electrode 44 thus 
provided has a comparatively large area. Specifically, the 
display element is So arranged that the pixel electrode 44, 
which is a transparent electrode and is typically made of 
ITO, is provided in an entire pixel region Sectioned by a 
signal line SL and a scan line GL as shown in FIG. 14. In 
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Such a display element, the auxiliary capacitor can be 
formed by providing an auxiliary capacitor electrode line 
(auxiliary electrode) 46, having an arbitrary shape, as shown 
in FIG. 14 or FIG. 15. The auxiliary capacitor is so provided 
that it faces a portion of that Side of the dielectric material 
layer 43 which is opposite to a side thereof with which the 
pixel electrode 44 faces, as shown in FIG. 14 or FIG. 15. 
FIG. 15 is a cross sectional view taken along line C-C in 
FIG. 14. With this arrangement, the auxiliary capacitor can 
be formed between the portion of the pixel electrode 44 and 
the auxiliary capacitor electrode line 46. Note that the 
auxiliary capacitor electrode line 46 has the same potential 
as the counter electrode 45, and can be therefore Substan 
tially considered as a counter electrode. 
0.112. It is preferable that the auxiliary capacitor electrode 
line 46 be provided on the layer on which the scan signal 
lines GL are formed. With this arrangement, no additional 
manufacturing proceSS is required for the formation of the 
auxiliary capacitor electrode line 46. Further, if the auxiliary 
capacitor electrode 46 is provided parallel to and between 
the scan lines as shown in FIG. 14, it becomes easy to 
manufacture the auxiliary capacitor electrode 46. 
0113 Note that, because the auxiliary capacitor electrode 
line 46 needs to be insulated from the pixel electrode 44, it 
is preferable that the auxiliary capacitor electrode 46 be So 
provided as to face the pixel electrode 44 with an insulating 
film 47 therebetween. Further, it is preferable that the 
auxiliary capacitor electrode line 46 be connected, outside 
the display region, to the counter electrode 45 (typically 
made of ITO) which is provided on the counter Substrate, 
and be maintained at the same electric potential as is the 
counter electrode 45. 

0.114) Next, actual display quality was observed using the 
display element having the auxiliary capacitor of the Struc 
ture shown in FIG. 1. 

0115 The experiment was carried out using a single-pixel 
evaluation cell in which a FET was formed as the Switching 
element, and in which the electrodes were arranged as 
shown in FIG. 1 to provide the auxiliary capacitor in 
parallel. The display quality was observed under auxiliary 
capacitance values of 0, 0.1, 0.4,0.5, 1.0, 2.0, and 5.0, and 
with a pixel capacitance of 1 under no applied Voltage. Note 
that the auxiliary capacitance of 0 was the condition that no 
auxiliary capacitor was formed, and was a comparative 
example of the present invention. The capacitance of the 
auxiliary capacitor was adjusted by using a commercially 
available capacitor. 
0116 Display quality was evaluated by examining 
unevenneSS in luminance and response characteristic as 
described below. Table 1 shows the result of evaluation. 

TABLE 1. 

Auxiliary capacitor Change in luminance Response property 

O X X 
(no auxiliary 
capacitor) 

O1 X X 
0.4 A X 
0.5 A X 
1. O A 
2 O O 
5 O O 

0117 Unevenness in Luminance: For each condition, a 
Voltage was applied to five evaluation cells, and luminance 
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was measured by using a luminance meter (trade name 
BM-5 provided by the TOPCON corporation). Table 1 shows 
the result of the evaluation of variation in luminance among 
the five evaluation cells. In table 1, indicated by o is “good.” 
indicated by A is “improved,” and indicated by X is “bad.” 
Specifically, unevenneSS in luminance was evaluated as A 
when variations of luminance among the five evaluation 
cells were in a range of +50%, in other words, when the 
measured value of each evaluation cell was 0.5 times to 1.5 
times the average value of the five evaluation values. 
UnevenneSS in luminance was evaluated as o when varia 
tions of luminance among the five evaluation cells were in 
a range of it 10%, in other words, when the measured value 
of each evaluation cell was 0.9 times to 1.1 times the average 
value of the five evaluation values. 

0118 Response characteristic: A response waveform of 
transmittance of the dielectric material layer in response to 
an applied voltage (OFF state to ON state) was measured. 
Table 1 shows the result of evaluation in which the response 
characteristic was denoted by o'good”, A“improved', and X 
“bad” based on the time required to complete response 
(obtain a predetermined transmittance). Specifically, the 
response characteristic was evaluated as A when response 
was completed in a Scan of two frames. Moreover, the 
response characteristic was evaluated as o when response 
was completed in a Scan of one frame. 
0119) According to Table 1, unevenness in luminance is 
improved when the auxiliary capacitor has a capacitance of 
0.4 or greater, and is prevented and good display quality can 
be obtained when the auxiliary capacitance is 1 or greater, 
i.e., when the auxiliary capacitance value is equal to or 
greater than the pixel capacitance value. Also, the response 
characteristic is improved when the auxiliary capacitance is 
1 or greater, and is good when the auxiliary capacitance is 
2 or greater, i.e., when the auxiliary capacitance is two times 
or greater than the pixel capacitance. That is, afterimage in 
moving images is prevented. 

0120) Therefore, in order to obtain a display element 
having a good response characteristic, it is preferable that 
the auxiliary capacitor have a capacitance equal to or greater 
than the pixel capacitance. Further, it is more preferable that 
the auxiliary capacitor have a capacitance two times or 
greater than the pixel capacitance. 

0121 Note that the arrangement of the electrodes appli 
cable to the display element according to the present inven 
tion is not limited to the arrangement shown in FIG. 1. The 
following explains an arrangement of the electrodes appli 
cable to the display element with reference to FIG. 19 and 
FIG. 20. 

0122). As shown in FIG. 19, the display element of the 
present invention may be So arranged that the Signal elec 
trode 14 and the counter electrode 15 each bending in a 
ZigZag manner at a bending angle of 90 is provided to form 
at least two domains DM and DM in which electric fields 
making 90 with each other are respectively applied by the 
signal electrode 14 and the counter electrode 15. 
0123 Note that the display element adopting the elec 
trodes arranged as shown in FIG. 19 also includes the 
polarizer 6 and 7 provided on respective outer sides of the 
substrates 1 and 2. The polarizers 6 and 7 are so provided 
that their absorption axes are orthogonal to each other. In 
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other words, they are So provided that the absorption axis 
direction of the polarizer 6 is orthogonal to the absorption 
axis direction of the polarizer 7. Further, each absorption 
axis of the polarizer 6 and 7 forms an angle of 45 with 
respect to the direction of electric field application by the 
signal electrode 14 and the counter electrode 15. 
0.124 Note that, in the electrode structure shown in FIG. 
19, there is a large non-display region between the data 
signal line SLi and the counter electrode 15. The non-display 
region was dramatically reduced by providing the data 
Signal line SLi having a shape "parallel' to the ZigZag shape 
of the counter electrode 15 as shown in FIG. 20, instead of 
a Straight line-shaped data Signal line SLi. 
0.125 Note that, in the present display element, the com 
pound represented by Chemical formula 1 is used as the 
medium injected and Sealed in the dielectric material layer 
3. However, the present invention is not limited to this. Any 
medium may be used as the medium injected and Sealed in 
the dielectric material layer 3 as long as the medium is not 
liquid in View of a physical property and the alignment order 
magnitude changes when an electric field is applied to the 
medium, that is, the magnitude of the optical anisotropy 
changes by applying an electric field. Specifically, the mate 
rial may be a material showing the Kerr effect or the Pockels 
effect, and may be liquid, gas, or Solid. 
0.126 For example, it is possible to use a medium which 
is optically isotropic when no voltage is applied and is 
optically anisotropic when a voltage is applied. That is, it is 
possible to use a medium which (i) has an orientational order 
(orderly structure) Smaller than the optical wavelength when 
no electric field is applied, (ii) is transparent in a optical 
wavelength region, and (iii) changes its orientational order 
and becomes optically anisotropic when an electric field is 
applied. 
0127. Alternatively, it is possible to use the medium 
which (i) is optically anisotropic when no electric field is 
applied, and (ii) loses the optical anisotropy by the electric 
field application, So that the orderly Structure becomes 
Smaller than the optical wavelength, thereby expressing the 
optical anisotropy. 

0128. Therefore, for example, it is possible to use the 
medium which is made of molecules in the cubic phase, or 
the medium having an orderly structure unlike the cubic 
phase. Moreover, for example, it is possible to use the 
medium which is made of copolymer, amphiphilic molecule, 
dendrimer molecule, liquid crystal, etc. 
0129. Further, as described in Non-patent document 7 
(Appl. Phys. Lett., Vol. 69, Jun. 10, 1996, p. 1044), by 
adding a gelatinizer (see Non-patent document 8: Adv. Func. 
Mater, Vol. 13, No.4, April 2003, pp.313-317.) to the 
medium, a display element having a higher Speed response 
property and a higher contrast property may be realized. 
Further, as described in Non-patent document 9 (Nature 
Materials, Vol. 1, September, 2002, p.64), by immobilizing 
polymers of the medium, the medium may stably exhibit a 
blue phase in a wide temperature range. 
0.130. It is preferable that the medium A contain a liquid 
crystal material. Note that the liquid crystal material may be 
(i) a liquid crystal material which is made of a single 
material showing liquid crystallinity, (ii) a liquid crystal 
material in which a plurality of materials are mixed So as to 
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show liquid crystallinity, (iii) a liquid crystal material in 
which other non-liquid crystal material is mixed in the 
plurality of materials. 
0131 For example, it is possible to use, as the liquid 
crystal material that can be contained in the medium A, a 
liquid crystal material described in Patent Document 1. 
Further, it is also possible to use a liquid crystal material 
prepared by adding a Solvent to the liquid crystal material. 
Furthermore, it is also possible to use a liquid crystal 
material partitioned into Small Sections as described in 
Patent Document 2 (Japanese Laid-Open Patent Application 
Tokukaihei 11-183937/1999 (published on Jul. 9, 1999)). 
0.132. In any case, it is preferable that the medium Abe 
a material which is optically isotropic when no electric field 
is applied, and which induce the optical modulation when an 
electric field is applied. Typically, it is preferable that the 
medium Abe a material in which an orientational order of 
molecules or a molecule cluster is improved by electric field 
application. 

0133. Further, it is preferable that the medium A be a 
material showing the Kerr effect. The material may be, for 
example, PLZT (Lead Zirconium Titanate, doped with a 
little lanthanum, La-modified lead Zirconate titanate), or the 
like. Further, it is preferable that the medium A contain polar 
molecules. For example, nitrobenzene is Suitable for the 
medium A. 

0134. The following description explains some examples 
of the mediums which can be used for the dielectric material 
layer 3 of the present display element. 

EXAMPLE 1. 

Cubic Phase 

0135) It is possible to use a medium made of molecules 
expressing a cubic phase, as the medium injected and Sealed 
in the dielectric material layer 3 of the present display 
element. 

0.136 The material expressing the cubic phase is, for 
example, BABH8. BABH8 is in the cubic phase in a wide 
temperature range from 136.7 C. to 161° C., and the stable 
Voltage transmissivity curve can be obtained in the wide 
temperature range (about 24K). Therefore, it is extremely 
easy to carry out the temperature control. 

0.137 If an electric field is applied to the dielectric 
material layer 3 made of BABH8 when within the tempera 
ture range that BABH8 expresses the cubic phase, the 
molecules tends to turn in the electric field direction because 
the molecules have dielectric anisotropy. This causes a 
distortion of the structure of the minute regions (crystal-like 
grating). In other words, the dielectric material layer 
becomes optical anisotropic according to the electric field 
application. 

0138. Therefore, BABH8 can be used as the medium 
injected and Sealed in the dielectric material layer 3. How 
ever, the present invention is not limited to this. Any 
medium expressing the cubic phase may be used as the 
medium injected and Sealed in the dielectric material layer 
3 because the optical anisotropy varies depending on 
whether a Voltage is applied thereto or not. 
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EXAMPLE 2 

Smectic D Phase (SmD) 
0.139. As the medium injected and sealed in the dielectric 
material layer 3 of the present display element, it is possible 
to apply a medium which is made of molecules in the 
Smectic D phase which is one of the liquid crystal phases. 
0140. One example of liquid crystal materials in the 
Smectic D phase is ANBC16. Note that, ANBC16 is men 
tioned in Non-patent Document 1 (Kazuya Saito, and 
Michio Sorai, “Thermodynamics of a unique thermo-tropic 
liquid crystal having optical isotropy”, Ekisho, 2001, Vol. 5, 
No. 1 (p.21, FIG.1, Structure 1 (n=16)) and Non-patent 
Document 6 (“Handbook of Liquid Crystals”, Wiley-VCH, 
1998, vol. 2B (p.888, Table 1, Compound No. 1, Compound 
1a, Compound 1a-1)). The example includes ANBC etc. 
represented by the following chemical formulas (2) and (3). 

Chemical formula 2 
O 

CnH2n+ 1O ( ) ( ) 
OH 

NO 

Chemical formula 3 

4'n-Alkoxy-3'-substituted-biphenyl-4-carboxylic acids 

0141 4'n-alkoxy-3-nitro-biphenyl-4-carboxylic acids 
X=NO2 

0142 n-15 Cr 127 SmC 187 Cub 198 SmA 2041 I 
0143. The liquid crystal material (ANBC16) is in the 
Smectic D phase in a temperature range from 171.0° C. to 
197.2 C. In the Smectic D phase, a plurality of molecules 
form a three-dimensional grating like a jungle gymE), and its 
grating constant is Smaller than the optical wavelength. That 
is, the Smectic D phase has the orderly Structure showing a 
cubic Symmetry. Therefore, the Smectic D phase shows 
optical isotropy. 

0144) Moreover, when an electric field is applied to the 
dielectric material layer 3 made of ANBC16 in the above 
temperature range in which ANBC16 shows the Smectic D 
phase, molecules tend to change their directions to the 
direction of the electric field because the molecules have 
dielectric anisotropy. As a result, the grating Structure is 
distorted. That is, the dielectric material layer 3 expresses 
the optical anisotropy. 
0145 Therefore, it is possible to apply ANBC16 as the 
medium injected and Sealed in the dielectric material layer 
3 of the present display element. Note that, not only 
ANBC16 but also materials showing the Smectic D phase 
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are applicable as the medium injected and Sealed in the 
dielectric material layer 3 of the present display element, 
because the optical anisotropy is varied depending on 
whether or not an electric field is applied. 

EXAMPLE 3 

Liquid Crystal Microemulsion 
0146 It is possible to apply a liquid crystal microemul 
Sion as the medium injected and Sealed in the dielectric 
material layer 3 of the present display element. The liquid 
crystal microemulsion is a generic term (named by Yama 
moto, et al.) for a System (mixture System) in which oil 
molecules of O/W type microemulsion (a system in which 
droplet-shape water is dissolved in oil (continuous phase) by 
Surfactant) are replaced with thermotropic liquid crystal 
molecules (see Non-patent Document 2: Jun Yamamoto, 
“Liquid crystal micro emulsion', Liquid crystal, 2000, Vol. 
4, No. 3, pp.248-254). 
0147 A concrete example of the liquid crystal micro 
emulsion is a mixture system of pentylcyanobiphenyl (5CB) 
mentioned in Non-patent Document 2 and didodecyl ammo 
nium bromide (DDAB) solution. Pentylcyanobiphenyl 
(5CB) is a thermotropic liquid crystal (temperature transi 
tion type liquid crystal) showing a nematic liquid crystal 
phase, and didodecyl ammonium bromide (DDAB) is a 
lyotropic liquid crystal (concentration transition type liquid 
crystal) showing a reverse micelle phase. This mixture 
System has a Structure illustrated by Schematic views of 
FIGS. 16 and 17. 

0.148. According to the above mixture system, a diameter 
of a reverse micelle is about 50 A, and a distance between 
reverse micelles is about 200 A. Each of these scales is 
approximately one tenth of the optical wavelength. The 
reverse micelles randomly exist in a three-dimensional 
Space, and 5CBS are aligned in a radial pattern centering on 
each reverse micelle. Therefore, the above mixture System is 
optically isotropic. 

0149 When an electric field is applied to a medium made 
of the above mixture System, its molecules tend to change 
their directions to the direction of the electric field because 
5CB has dielectric anisotropy. That is, although a System is 
optically isotropic because 5CBS are aligned in a radial 
pattern centering on the reverse micelle, alignment anisot 
ropy is expressed, So that the optical anisotropy is expressed. 
Therefore, it is possible to apply the above mixture System 
as the medium injected and Sealed in the dielectric material 
layer 3 of the present display element. Note that, the medium 
is not limited to the above mixture System. AS long as the 
optical anisotropy of the liquid crystal microemulsion is 
changed depending on whether or not an electric field is 
applied, it is possible to apply the liquid crystal microemul 
Sion as the medium injected and Sealed in the dielectric 
material layer 3 of the present display element. 

EXAMPLE 4 

Lyotropic Liquid Crystal Phase 

0150. As the medium injected and sealed in the dielectric 
material layer 3 of the present display element, it is possible 
to apply the lyotropic liquid crystal in a specific phase. The 
lyotropic liquid crystal is generally a multicomponent Sys 
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tem liquid crystal in which main molecules constituting a 
liquid crystal are dissolved in a Solvent (water, organic 
Solvent, or the like) having different properties. Moreover, 
the above Specific phase is a phase in which the magnitude 
of the optical anisotropy is changed depending on whether 
or not an electric field is applied. Examples of Such specific 
phases are micelle phase, Sponge phase, cubic phase, and 
reverse micelle phase, which are described in Non-patent 
Document 7 (Jun Yamamoto “First lecture of liquid crystal 
Science experiment: Identification of liquid crystal phase: (4) 
Lyotropic liquid crystal', Liquid crystal, 2002, Vol. 6, No. 1, 
pp.72-82). FIG. 18 illustrates classification of the lyotropic 
liquid crystal phases. 

0151. Some of Surfactants, which are amphiphilic mate 
rials, express the micelle phase. For example, an aqueous 
Solution of Sodium dodecyl Sulfate and an aqueous Solution 
of potassium palmitin acid, which are ionic Surfactants, 
constitute Spherical micelles. In mixture liquid obtained by 
mixing polyoxyethylene nonylphenyl ether, which is a non 
ionic Surfactant, with water, a nonylphenyl group functions 
as a hydrophobic group and oxyethylene chain functions as 
a hydrophilic group, So that micelles are formed. An aqueous 
Solution of Styrene-ethyleneoxideblock copolymer also con 
Stitutes micelles. 

0152 For example, the spherical micelle becomes globu 
lar by packing molecules in all spatial directions (by forming 
a molecular assembly). The size of the spherical micelle is 
Smaller than the optical wavelength, So that the spherical 
micelle Seems not anisotropic but isotropic in the optical 
wavelength region. However, when an electric field is 
applied to Such spherical micelle, the Spherical micelle is 
distorted, So that anisotropy is expressed. Therefore, it is 
possible to apply the lyotropic liquid crystal in the Spherical 
micelle phase as the medium injected and Sealed in the 
dielectric material layer 3 of the present display element. 
Note that, not only the lyotropic liquid crystal in the Spheri 
cal micelle phase but also the lyotropic liquid crystal in other 
types of micelle phases Such as String-type micelle phase, 
ellipse-type micelle phase, rod-like micelle phase can be 
used as the medium injected and Sealed in the dielectric 
material layer 3 in order to obtain substantially the same 
effects. 

0153. Moreover, it is well-known that the reverse micelle 
in which the hydrophilic group and the hydrophobic group 
are replaced with each other is formed depending on con 
ditions of concentration, temperature, and Surfactant. Such 
reverse micelle optically shows the Same effects as the 
micelle. Therefore, when the lyotropic liquid crystal in the 
reverse micelle phase is applied as the medium injected and 
Sealed in the dielectric material layer 3, it is possible to 
obtain effects equivalent to effects obtained in a case where 
the lyotropic liquid crystal in the micelle phase is used. Note 
that, the liquid crystal microemulsion explained in Example 
3 is one example of the lyotropic liquid crystals having the 
reverse micelle phase (reverse micelle Structure). 
0154 Moreover, in a certain concentration and a tem 
perature range, an aqueous Solution of pentaethyleneglycol 
dodecylether (CEs), which is a non-ionic Surfactant, shows 
the sponge phase or the cubic phase illustrated in FIG. 18. 
Such Sponge phase and cubic phase have an order which is 
Smaller than the optical wavelength, So that the materials are 
transparent in the optical wavelength region. That is, the 
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medium having these phases is optically isotropic. When an 
electric field is applied to the medium having these phases, 
the orientational order (order structure) is distorted and the 
optical anisotropy is expressed. Therefore, the lyotropic 
liquid crystal in the Sponge phase or in the cubic phase can 
be applied as the medium injected and Sealed in the dielec 
tric material layer 3 of the present display element. 

EXAMPLE 5 

Liquid Crystal Fine Particle Dispersal System 

O155 For example, as the medium injected and sealed in 
the dielectric material layer 3 of the present display element 
it is possible to apply a liquid crystal fine particle dispersal 
System showing a phase (such as the micelle phase, the 
Sponge phase, the cubic phase, and the reverse micelle 
phase) in which the magnitude of the optical anisotropy is 
changed depending on whether or not an electric field is 
applied. Here, the liquid crystal fine particle dispersal Sys 
tem is a mixture System in which fine particles are mixed in 
a solvent (liquid crystal). (See Non-patent Document 3: 
Yukihide Shiraishi, et al., “Palladium nano particle protected 
by liquid crystal molecule-Preparation and application to 
guest-host mode liquid crystal display element, Collected 
papers on polymer, December, 2002, Vol. 59, No. 12, 
pp.753-759)) 
0156 An example of the liquid crystal fine particle 
dispersal System is a liquid crystal fine particle dispersal 
System in which an aqueous Solution of pentaethylenegly 
col-dodecylether (C12E5), which is a non-ionic Surfactant, 
is mixed with lateX particles, having Surfaces modified by a 
Sulfuric acid group, each of which has a diameter of about 
100 A. The liquid crystal fine particle dispersal System 
expresses the Sponge phase. Moreover, the orientational 
order (order Structure) of the Sponge phase is Smaller than 
the optical wavelength. Therefore, as in Example 4, it is 
possible to apply the liquid crystal fine particle dispersal 
System as the medium injected and Sealed in the dielectric 
material layer 3 of the present display element. 
O157. Note that, instead of using the latex particles, 
DDAB can be used to obtain the same alignment structure 
as the Structure of the liquid crystal microemulsion 
described in Example 3. 

EXAMPLE 6 

Dendrimer 

0158 As the medium injected and sealed in the dielectric 
material layer 3 of the present display element, it is possible 
to apply a dendrimer (a dendrimer molecule). Here, the 
dendrimer is a three-dimensional highly-branched polymer 
which has a branch per monomer unit. 
0159. The dendrimer has a lot of branches. Therefore, 
when the molecular weight exceeds a certain level, the 
dendrimer becomes a globular structure. The globular struc 
ture has an order which is Smaller than the optical wave 
length, So that the material is transparent in the optical 
wavelength region. When an electric field is applied, the 
magnitude of the alignment order is changed and the optical 
anisotropy is expressed. Therefore, it is possible to apply the 
dendrimer as the medium injected and Sealed in the dielec 
tric material layer 3 of the present display element. 
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0160 Moreover, in the liquid crystal microemulsion 
described in Example 3, instead of using DDAB, the den 
drimer can be used to obtain the same alignment Structure as 
the Structure of the liquid crystal microemulsion. It is 
possible to apply the dendrimer as the medium injected and 
Sealed in the dielectric material layer 3 of the present display 
element. 

EXAMPLE 7 

Cholesteric Blue Phase 

0.161. As the medium injected and sealed in the dielectric 
material layer 3 of the present display element, it is possible 
to apply a medium made of molecules in a cholesteric blue 
phase. Note that, FIG. 18 schematically illustrates a struc 
ture of the cholesteric blue phase. 
0162. As illustrated in FIG. 11, the structure of the 
cholesteric blue phase is highly Symmetric. The cholesteric 
blue phase has an order which is Smaller than the optical 
wavelength, So that the material is almost transparent in the 
optical wavelength region. When an electric field is applied, 
the alignment order is changed and the optical anisotropy is 
expressed (the magnitude of the optical anisotropy changes). 
That is, the cholestric blue phase is optically almost isotro 
pic. When an electric field is applied to the cholestric blue 
phase, its liquid crystal molecules tend to change their 
directions to the direction of the electric field, so that the 
grating is distorted and the anisotropy is expressed. There 
fore, it is possible to apply a medium made of molecules in 
the cholesteric blue phase as the medium injected and Sealed 
in the dielectric material layer 3 of the present display 
element. 

0163 Note that, as an example of a material in the 
cholesteric blue phase, it is possible to use a material which 
is formed by mixing 48.2 mol % of JC1041 (mixture liquid 
crystal produced by CHISSO), 47.4 mol % of 5CB (4-cy 
ano-4'-pentylbiphenyl, nematic liquid crystal), and 4.4 mol 
% of ZLI-4572 (chiral dopant produced by MERCK). The 
material shows the cholesteric blue phase in a temperature 
range from 330.7K to 331.8K. 

EXAMPLE 8 

Smectic Blue (BPsm) Phase 
0164. As the medium injected and sealed in the dielectric 
material layer 3 of the present display element, it is possible 
to apply a medium made of molecules in a Smectic blue 
(BPsm) phase (see Non-patent Document 5: Makoto Yon 
eya, "Examining nano-structured liquid crystal phase by 
molecule simulator”, Liquid crystal, 2003, Vol. 7, No. 3, pp. 
238-245). Note that, FIG. 18 schematically illustrates a 
Structure of the Smectic blue phase. 
0165. As illustrated in FIG. 18, like the cholesteric blue 
phase, the Structure of the Smectic blue phase is highly 
Symmetric. The Smectic blue phase has an order which is 
Smaller than the optical wavelength, So that the material is 
almost transparent in the optical wavelength region. When 
an electric field is applied, the magnitude of the alignment 
order is changed and the optical anisotropy is expressed (the 
magnitude of the optical anisotropy changes). That is, the 
Smectic blue phase is optically almost isotropic. When an 
electric field is applied to the Smectic blue phase, its liquid 
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crystal molecules tend to change their directions to the 
direction of the electric field, So that the grating is distorted 
and the anisotropy is expressed. Therefore, it is possible to 
apply a medium made of molecules in the Smectic blue 
phase as the medium injected and Sealed in the dielectric 
material layer 3 of the present display element. 
0166 Note that, an example of a material in the Smectic 
blue phase is FH/FH/HH-14BTMHC described in Non 
patent Document 10 (Eric Grelet, et al., “Structural Investi 
gations on Smectic Blue Phases”, PHYSICAL REVIEW 
LETTERS, The American Physical Society, Apr. 23, 2001, 
vol. 86, No. 17, pp.3791-3794). The material shows a BPsm 
3 phase in a temperature range from 74.4° C. to 73.2 C., a 
BPsm 2 phase in a temperature range from 73.2 C. to 72.3 
C., a BPsm 1 phase in a temperature range from 72.3 C. to 
72.1° C. 

Second Embodiment 
0167. In a display element of the present embodiment, a 
material injected and Sealed in the dielectric material layer 
3 was 4'-n-alkoxy-3'-nitrobiphenyl-4-carboxylic acids 
(ANBC-22), which is a transparent dielectric material. 
0.168. Note that the substrates 1 and 2 were glass Sub 
Strates, and a distance therebetween was Set to 4 um by 
dispersing beads in advance. In other words, a thickness of 
the dielectric material layer 3 was Set to 4 lum. 
0169. Further, the comb-shaped electrodes 4 and 5 were 
transparent electrodes made of ITO (indium tin oxide). On 
the respective inner Sides (counter Surfaces) of the Substrates 
1 and 2, alignment films that were made of polyimide, and 
that had been Subjected to a rubbing process were provided. 
It is preferable that a rubbing direction be such a direction 
that the present display element is in a bright State when the 
material is in the Smectic C phase. Typically, it is preferable 
that the rubbing direction creates a 45° angle with respect to 
the axis direction of the polarizers. Note that the alignment 
film for the Substrate 1 is formed so as to cover the 
comb-shaped electrodes 4 and 5. 
0170 As shown in FIG. 2, the polarizers 6 and 7 were 
provided on the respective outer Surfaces (the other side of 
the counter Surface) of the Substrates 1 and 2 in Such a 
manner that their absorption axes were orthogonal to each 
other, and that a 45° angle was created between (i) the 
absorption axes and (ii) a direction of extension of the comb 
tooth portions of the electrodes 4 and 5. 
0171 When the display element thus obtained is at a 
temperature lower than a Smectic C phase/cubic phase 
transition temperature, the material is in the Smectic C 
phase. The material in the Smectic C phase is optically 
anisotropic under no applied Voltage. 
0172 The display element was maintained at a tempera 
ture in the vicinity of the Smectic C phase/cubic phase 
transition temperature (specifically, maintained at a tempera 
ture approximately 10 K below the phase transition tem 
perature) with the use of an external heating apparatus, and 
a voltage (alternating electric field of about 50 V, a fre 
quency greater than 0 HZ and no more than Several hundred 
kHz) was applied. This caused a change in the transmittance 
of the display element. In other words, the Voltage applica 
tion caused a phase transition from (i) the Smectic C phase 
(bright State), in which the material is optically anisotropic 
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under no applied voltage, to (ii) the cubic phase (dark State) 
in which the material is optically isotropic. 

0.173) Note that the angle made by the absorption axes of 
the polarizers and the comb-shaped electrodes is not just 
limited to 45. In fact, display was successfully carried out 
at any angle between 0 and 90. This is for the following 
reasons. That is, because the bright State is attained when no 
Voltage is applied, the bright State can be attained merely by 
the relation between the rubbing direction and the absorption 
axes of the polarizers. Moreover, the dark State is attained 
through that electric-field-induced phase transition of the 
medium to the optically isotropic phase. Therefore, irrespec 
tive of the relation between (i) the absorption axes of the 
polarizers and (ii) the direction of the comb-shaped elec 
trodes, the dark State can be attained as long as the absorp 
tion axes are orthogonal to each other. Therefore, the align 
ment process is not necessarily required, and display was 
Successfully carried out even in the case where the material 
was in an amorphous alignment State (random alignment 
State). 
0.174. Note also that in the case where the electrodes were 
provided on the Substrates 1 and 2 respectively and an 
electric field was generated in a direction normal to the 
Surfaces of the Substrates 1 and 2, Substantially the same 
result was obtained. In other words, the electric field appli 
cation in the normal direction produced the Substantially the 
Same result as the electric field application in a horizontal 
direction along the Surfaces of the Substrates 1 and 2 did. 
0.175. As such, the medium injected and sealed in the 
dielectric material layer 3 of the present display element 
may be a medium which shows optical anisotropy when no 
Voltage is applied, and which loses the optical anisotropy 
and shows optical isotropy by electric field application. 

0176 Note that the medium used for the dielectric mate 
rial layer 3 of the present display element may have positive 
dielectric anisotropy or negative dielectric anisotropy. 
Media having negative dielectric anisotropy are exemplified 
in the following chemical formula 4. 

Chemical formula 4 
F 

(30 wit?6) 
F 

(40 wit?6) 
F 

(30 wit?6) 
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0177. In cases where the medium has positive dielectric 
anisotropy, an electric field Substantially parallel to the 
Substrates is required for the driving of the display element. 
However, in cases where the medium has negative dielectric 
isotropy, there is no Such restriction. For example, both an 
electric field oblique to the substrate and an electric field 
perpendicular to the Substrate enable driving of the display 
element. In these cases, the electrodes are provided on both 
of the pair of Substrates (Substrates 1 and 2) in the present 
display element. By applying an electric field to a region 
between the electrodes provided on both of the substrates, an 
electric field can be applied to the dielectric material layer 3. 
0.178 Note that, depending on whether an electric field is 
applied parallel, perpendicular, or oblique to the Surfaces of 
the Substrates, the shape, material, number, or position etc. 
of the electrodes can be Suitably changed. For example, 
transparent electrodes may be used and an electric field may 
be applied perpendicular to the Surfaces of the Substrates. 
This is advantageous in terms of open area ratio. 
0179 AS described above, a display element of the 
present invention includes a pair of Substrates, at least one 
of which is transparent; a medium, between the Substrates, 
the medium being changeable in an optical anisotropy 
magnitude by and according to electric field application; and 
a region in which a pixel electrode and a counter electrode 
overlap with each other with an insulating layer therebe 
tWeen. 

0180. With the arrangement, a display apparatus includ 
ing the display element never loses the high-Speed response 
property faster than the response property of the conven 
tional liquid crystal display elements. This allows more 
Secure realization of the high-Speed response of the display 
element that carries out a display by using the change of the 
medium in terms of magnitude of optical anisotropy. 
0181 Further, in the case where the auxiliary capacitor is 
formed as in the arrangement, it is possible to Supply, from 
the auxiliary capacitor to the medium, an electric charge that 
corresponds to an electric charge in Short (that is, the 
auxiliary capacitor can Supply, to the medium of a part of the 
Screen with which the auxiliary capacitor is associated, 
electric charge necessary for making up for short of electric 
charge in the medium). This apparently prevents the 
decrease in the Specific resistance of the medium, and allows 
an appropriate Voltage to be applied to the medium. On this 
account, it is possible to prevent the decrease in luminance 
and the unevenneSS in luminance. 

0182 Further, the display element is preferably arranged 
So that the pixel electrode and the counter electrode apply an 
electric field to the medium. This prevents a decrease in the 
open area ratio of the display element, and allows formation 
of a larger auxiliary capacitor. 

0183. Further, a display element of the present invention 
includes: a pair of Substrates, at least one of which is 
transparent; and a medium, between the Substrates, the 
medium being changeable in an optical anisotropy magni 
tude by and according to electric field application, an 
auxiliary capacitor being formed parallel to a capacitor of 
the display element. 
0184 Further, it is preferable that the display element of 
the present invention further includes: a first electrode and a 
Second electrode for generating the electric field by a Voltage 
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applied onto the first electrode and the Second electrode. 
Further, the display element of the present invention is 
preferably arranged So that the first electrode and the Second 
electrode be provided on an opposing Surface of one of the 
Substrates, the opposing Surface facing the other Substrate. 
0185. With this arrangement, an electric field can be 
applied to the dielectric material layer, thereby causing a 
change in magnitude of optical anisotropy of the medium. 
0186. It is preferable that the display element include a 
Switching element, connected to one of the first electrode 
and the second electrode, for Switching ON and OFF of 
electrical connection of the one of the first electrode and the 
Second electrode. In Such a display element thus arranged, 
the aforementioned problems tend to occur especially in the 
case of using the medium whose optical anisotropy varies 
according to electric field application. Therefore, in this 
case, the formation of the auxiliary capacitor shows a large 
effect. 

0187. The following description explains why the afore 
mentioned problems tend to occur in the display element 
thus arranged. In the display element, turning ON and OFF 
of the Switching element causes discharge of an electric 
charge Stored in the pixel at a time constant of: CpxRp where 
Cp indicates that capacitance of the pixel capacitor which is 
formed by the medium, and Rp indicates resistance thereof. 
Therefore, when Rp has a Small value, the decrease in a 
Voltage in the pixel is great, thereby causing deficiency in a 
display. 
0188 Here, the auxiliary capacitor is formed parallel to 
the pixel. The auxiliary capacitor has capacitance Cs. The 
auxiliary capacitor can be formed by using a material having 
large Specific resistance, Such as a material like an inorganic 
thin film having less impurity or an organic thin film. 
Therefore, the auxiliary capacitor has a value (ideally, 
infinity) which is much larger than Rp of the pixel and which 
is So large that Rp of the pixel can be ignored. The time 
constant when adding the auxiliary capacitor is: (Cp--Cs)x 
Rp, and therefore can be increased by CS. This causes time 
for discharge of electricity to be longer, and allows preven 
tion of the decrease in a Voltage, thereby improving the 
deficiency in a display. 
0189 The display element is preferably arranged so that 
the auxiliary electrode overlies on the at least one of the first 
electrode and the Second electrode. Here, the auxiliary 
electrode refers to an electrode newly provided for forma 
tion of the auxiliary capacitance. 
0190. With this arrangement, the auxiliary capacitor can 
be formed by using the electrodes for applying an electric 
field to the display element. This allows simplification of the 
Structure of the display element and Simplification of a 
manufacturing process. Moreover, because the auxiliary 
electrode overlies the electrode having been already pro 
Vided, no region allowing light to pass through is reduced 
(i.e., open area ratio is not reduced) in the display element. 
This Secures brightness in a display. 
0191 The display element is preferably arranged so that 
the auxiliary electrode overlies on the at least one of the first 
electrode and the Second electrode So that it is kept within a 
formation region of the at least one of the first electrode and 
the Second electrode. With this arrangement, the auxiliary 
capacitor can be formed within the formation region of the 
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electrode for applying an electric field to the display ele 
ment. This prevents reduction of the portion allowing light 
to pass through in the display element, and Secures bright 
neSS in a display. 

0.192 The auxiliary electrode may be connected to the 
first electrode or the second electrode, which is not overlaid 
by the auxiliary electrode. With this arrangement, the 
capacitor of the display element and the auxiliary capacitor 
can be formed by wiring for the first and the second 
electrodes. This allows simplification of the structure of the 
display element and Simplification of the manufacturing 
proceSS. 

0193 The display element is characterized in that the 
auxiliary electrode is provided between (a) the Substrate and 
(b) the first and/or the second electrodes provided on the 
Surface of the Substrate. With this arrangement, the auxiliary 
electrode is formed on an Outer Side than the electrode for 
applying an electric field to the medium. On this account, the 
auxiliary capacitor can be formed while preventing an 
adverse effect on the display quality of the display element. 
0194 It is preferable that a ratio between (a) a capaci 
tance value of the display element when no electric field is 
applied and (b) a capacitance value of the auxiliary capacitor 
is 1:1 or greater. It is more preferable that a ratio between (a) 
a capacitance value of the display element when no electric 
field is applied and (b) a capacitance value of the auxiliary 
capacitor is 1:2 or greater. 
0.195 By Setting the value of the auxiliary capacitor, it is 
possible to desirably prevent the foregoing problems. Such as 
the decrease in transmittance of the display element, the 
unevenneSS in luminance, and the decrease in the response 
Speed. 

0196) The medium may show Kerr effect. 
0197) The medium may contain a liquid crystalline mate 

rial. 

0198 The medium may contain a polar molecule. 
0199 The medium may be made of a material whose 
orientational order parameter is varies according to electric 
field application. 

0200. The medium may be made of a material whose 
refractive indeX varies according to electric field application. 
0201 The medium may have an orderly structure which 
shows a cubic symmetric property. 

0202) The medium may be made of molecules showing a 
cubic phase or a Smectic D phase. 
0203 The medium may be made of liquid crystal micro 
emulsion. 

0204. The medium may be made of lyotropic liquid 
crystal showing any one of a micelle phase, a reverse micelle 
phase, a Sponge phase, and a cubic phase. 

0205 The medium may be made of liquid-crystal-fine 
particle dispersal System showing any one of a micelle 
phase, a reverse micelle phase, a Sponge phase, and a cubic 
phase. 

0206. The medium may be made of dendrimer. 
0207. The medium may be made of molecules showing a 
cholesteric blue phase. 
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0208. The medium may be made of molecules showing a 
Smectic blue phase. 
0209 Each of the materials described above has optical 
anisotropy which varies according to electric field applica 
tion. Therefore, the materials can be used as the medium 
injected and Sealed in the dielectric liquid layer of the 
display element of the present invention. 
0210. The medium may show the optical anisotropy 
when an electric field is not applied, and the medium may 
show optical isotropy when an electric field is applied. 
0211 Further, a display apparatus of the present inven 
tion includes the display element described above. Because 
the display element includes the auxiliary capacitor, the 
aforementioned effects can be shown. 

0212 Note that the present invention may be arranged as 
follows. 

0213. A first display element in which a medium, which 
is optically isotropic when no voltage is applied, is inter 
posed between a pair of Substrates, at least one of which is 
transparent, the first display element being driven according 
to an electric field applied via a Switching element, the first 
display element including: an auxiliary capacitor formed 
parallel to a pixel capacitor in an equivalent circuit. 
0214) A second display element, obtained by providing 

first and second electrodes on one of the Substrate of the first 
display element, the medium being optically anisotropic 
when an electric field is formed, substantially parallel to the 
Substrates, between the first and Second electrodes, wherein: 
an auxiliary capacitor is provided under the first electrode or 
the Second electrode. 

0215. A third display element, obtained by connecting the 
first electrode to a Switching element in the Second display 
element, wherein: an auxiliary capacitor is formed under the 
first electrode. 

0216 A display element, wherein: the first or the second 
display element has the auxiliary capacitor whose capaci 
tance is at least as large as or larger than capacitance of a 
pixel capacitor when a pixel is OFF. 
0217. A display element, wherein: the first or second 
display element has the auxiliary capacitor whose capaci 
tance is at least twice as large as capacitance of a pixel 
capacitor when a pixel is OFF. 
0218. Further, the display element of the present inven 
tion may be So arranged that the first and the Second 
electrodes are provided on an opposing Surface of one of the 
Substrates, the opposing Surface facing the other Substrate. 
0219. The present invention is not limited to the embodi 
ments above, but may be altered within the scope of the 
claims. An embodiment based on a proper combination of 
technical means disclosed in different embodiments is 
encompassed in the technical Scope of the present invention. 

1. A display element comprising: 
a pair of Substrates, at least one of which is transparent; 
a medium, between the Substrates, the medium being 

changeable in an optical anisotropy magnitude by and 
according to electric field application; and 

a region in which a pixel electrode and a counter electrode 
Overlap with each other with an insulating layer ther 
ebetween. 
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2. The display element as Set forth in claim 1, wherein: 
the pixel electrode and the counter electrode apply an 

electric field to the medium. 
3. A display element comprising: 
a pair of Substrates, at least one of which is transparent; 

and 

a medium, between the Substrates, the medium being 
changeable in an optical anisotropy magnitude by and 
according to electric field application 

an auxiliary capacitor being formed parallel to a capacitor 
of the display element. 

4. The display element as set forth in claim 3, further 
comprising: 

a first electrode and a Second electrode for generating the 
electric field by a Voltage applied onto the first elec 
trode and the Second electrode. 

5. The display element as Set forth in claim 4, comprising: 
a Switching element, connected to one of the first elec 

trode and the second electrode, for Switching ON and 
OFF of electrical connection of the one of the first 
electrode and the Second electrode. 

6. The display element as set forth in claim 4, wherein: 
the first electrode and the Second electrode are provided 

on an opposing Surface of one of the Substrates, the 
opposing Surface facing the other Substrate. 

7. The display element as set forth in claim 4, wherein: 
an auxiliary electrode is So provided as to overlie at least 

one of the first electrode and the Second electrode So as 
to form the auxiliary capacitor. 

8. The display element as set forth in claim 7, wherein: 
the auxiliary electrode overlies on the at least one of the 

first electrode and the Second electrode So that it is kept 
within a formation region of the at least one of the first 
electrode and the Second electrode. 

9. The display element as set forth in claim 4, wherein: 
the auxiliary electrode is connected to one of the first 

electrode of the second electrode which is not overlaid 
by the auxiliary electrode. 

10. The display element as set forth in claim 4, wherein: 
the auxiliary electrode is provided between (a) the Sub 

Strate and (b) the first and/or the Second electrodes 
provided on the surface of the Substrate. 

11. The display element as set forth in claim 3, wherein: 
a ratio between (a) a capacitance value of the display 

element when no electric field is applied and (b) a 
capacitance value of the auxiliary capacitor is 1:1 or 
greater. 

12. The display element as set forth in claim 3, wherein: 
a ratio between (a) a capacitance value of the display 

element when no electric field is applied and (b) a 
capacitance value of the auxiliary capacitor is 1:2 or 
greater. 

13. The display element as set forth in claim 1, wherein: 
the medium is a material that shows Kerr effect. 
14. The display element as set forth in claim 1, wherein: 
the medium contains a liquid crystalline material. 
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15. The display element as set forth in claim 1, wherein: 
the medium contains a polar molecule. 
16. The display element as set forth in claim 1, wherein: 
the medium is made of a material whose orientational 

order parameter is varies according to electric field 
application. 

17. The display element as set forth in claim 1, wherein: 
the medium is made of a material whose refractive indeX 

Varies according to electric field application. 
18. The display element as set forth in claim 1, wherein: 
the medium has an orderly Structure which shows a cubic 

Symmetric property. 
19. The display element as set forth in claim 1, wherein 

the medium is made of molecules showing a cubic phase or 
a Smectic D phase. 

20. The display element as set forth in claim 1, wherein 
the medium is made of liquid crystal microemulsion. 

21. The display element as set forth in claim 1, wherein 
the medium is made of lyotropic liquid crystal showing any 
one of a micelle phase, a reverse micelle phase, a Sponge 
phase, and a cubic phase. 

22. The display element as set forth in claim 1, wherein 
the medium is made of liquid-crystal-fine-particle dispersal 
System showing any one of a micelle phase, a reverse 
micelle phase, a Sponge phase, and a cubic phase. 

23. The display element as set forth in claim 1, wherein 
the medium is made of dendrimer. 

24. The display element as set forth in claim 1, wherein 
the medium is made of molecules showing a cholesteric blue 
phase. 

25. The display element as set forth in claim 1, wherein 
the medium is made of molecules showing a Smectic blue 
phase. 

26. The display element as set forth in claim 1, wherein: 
the medium shows the optical anisotropy when an electric 

field is not applied, and 
the medium shows optical isotropy when an electric field 

is applied. 
27. A display apparatus, comprising a display element, 
the display element including: 

a pair of Substrates, at least one of which is transparent; 
a medium, between the Substrates, the medium being 

changeable in an optical anisotropy magnitude by 
and according to electric field application; and 

a region in which a pixel electrode and a counter 
electrode overlap with each other with an insulating 
layer therebetween. 

28. A display apparatus, comprising a display element, 
the display element including: 

a pair of Substrates, at least one of which is transparent; 
and 

a medium, between the Substrates, the medium being 
changeable in an optical anisotropy magnitude by 
and according to electric field application, 

an auxiliary capacitor being formed parallel to a capacitor 
of the display element. 
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